Chronic scrotal content pain remains one of the more challenging urological problems to manage. This is a frustrating disorder to diagnose and effectively treat for both the patient and clinician, as no universally accepted treatment guidelines exist. Many patients with this condition end up seeing physicians across many disciplines, further frustrating them. The pathogenesis is not clearly understood, and the treatment ultimately depends on the etiology of the problem. This article reviews the current understanding of chronic scrotal content pain, focusing on the diagnostic work-up and treatment options.
INTRODUCTION
Chronic scrotal content pain (CSCP) is defined by at least 3 months of chronic or intermittent scrotal content pain with severity that interferes with daily activities, prompting the patient to seek medical treatment [1] . CSCP may originate from the testicle, epididymis, paratesticular structures, and/or the spermatic cord. The etiology of the pain is idiopathic in up to 50% of patients [2] . Easily recognizable and reversible causes include varicocele, epididymitis, spermatocele, tumor, infection, and torsion.
This syndrome has been referred to by many names, including chronic orchialgia, testicular pain syndrome, testialgia, CSCP, post-vasectomy orchialgia, post-vasectomy pain syndrome (PVPS), congestive epididymitis, and chronic testicular pain. Presently, this problem is referred to as CSCP, as this term appears to best encompass the variety of structures that may be involved [3, 4] . Approximately 2.5% of all urology visits are associated with scrotal content pain, resulting in a significant healthcare financial burden [1, 5] . Many patients with this condition end up seeing physicians across many disciplines, further frustrating them [6, 7] .
In recent years, physicians are seeing more patients with CSCP due to the increased awareness of men's health [8] . It is estimated that around 100,000 men suffer from this problem, and the number will continue to increase [9] . It is estimated that chronic pain affects around 116 million Americans, leading to $635 billion being spent on medical expenses and lost productivity per year due to this problem [10] .
Multiple algorithms have been proposed, but none have been validated [2, 4] . It is recommended that pharmacotherapy options should be exhausted before considering surgical treatments, which include epididymectomy, microdenervation of the spermatic cord (MDSC), vasec-tomy reversal, and finally orchiectomy. In this article, we aim to review the workup and treatment options available for CSCP.
METHODOLOGY
We conducted a computerized bibliographic search of the PubMed, Medline, Embase, and Cochrane databases for all reports pertaining to CSCP using the Medical Subject Headings keywords "Chronic scrotal content pain", "Testicular pain", "Orchialgia", "Testicular Pain Syndrome", "microdenervation of the spermatic cord", "Post-vasectomy Pain Syndrome", and "testialgia" through 15th September 2017. All studies pertaining to CSCP were included in the review. Studies were excluded if they were published in languages other than English.
ETIOLOGY/PATHOPHYSIOLOGY
The iliohypogastric, ilioinguinal, genitofemoral, and pudendal nerves originate from the L1∼L2 and S2∼S4 nerve roots and are responsible for innervation of the testes, epididymis, and scrotum [1, 11] . These nerves innervate the scrotal content and travel through the spermatic cord. At least 50% of the nerves innervating those structures were identified near the vas deferens and 20% were identified in the cremasteric fascia [12] . The pathophysiology of CSPS is multifactorial and poorly understood. An injury to the testes or other scrotal content structures is typically the precursor of CSPS. This acute pain leads to nerve sensitization, resulting in modulation of the nerve pathways, causing hypersensitivity around the spermatic cord. This hypersensitivity has been proposed to follow neural injury, with resulting Wallerian degeneration (WD) in these peripheral nerves. WD is characterized as an auto-destructive change in both the proximal and distal nerve axons, which leads to an environment clear of inhibitory debris and supportive of axon regrowth and functional recovery [13] . Following nerve injury, calcium enters the cell, triggering the sealing of the proximal and distal axonal stump by the fusion of axolemmal vesicles around the injured axon endings. This also activates calcium-dependent protease pathways, such as phospholipases and M-calpain. M-calpain triggers the expression of further mediators of WD, such as interleukin 1α [14] .
Any organ that shares the same nerve pathways with the scrotal content (L1∼L2 and S2∼S4) may refer pain to this area. Lower back pain due to irritation of the nerve root of T10∼L1 may radiate to the testicle, as they share the same innervation. Pain arising in the ureter due to obstruction, hip pain and intervertebral disc prolapse, or pudendal neuropathies can all result in CSCP [15] . The pain could also be part of chronic prostatitis/chronic pelvic pain syndrome, for which up to 50% of men have reported to also have pain in the testes [2] . Ultimately, CSCP can arise from any traumatic, infectious, or irritative stimulus to the nerves in the scrotum [16] .
CLINICAL PRESENTATION AND EVALUATION
The signs and symptoms of CSCP include orchialgia, tender epididymis, tender vas, dyspareunia, pain with ejaculation, premature ejaculation, pain with straining, and pain after prolonged sitting. The key to a successful evaluation is to establish a good rapport with the patient. The evaluation of a patient presenting with scrotal content pain should include a thorough history and physical examination with a focused examination of the scrotal content. The history portion of the clinical visit should include the duration and nature of the pain (sharp, aching, burning, pressure, etc.), consistency (intermittent or constant), severity (on a 0∼10 visual analogue scale), variation in intensity, location, radiation, aggravating factors, associated symptoms, and previous therapeutic maneuvers. The patient should be asked whether the pain is associated with voiding, bowel movements, sexual or physical activities, or prolonged sitting. A surgical history pertaining to the spine, inguinal, scrotal, pelvic, and retroperitoneal space should also be documented. A thorough psychosocial exam to rule out depression, a history of sexual abuse, Munchausen syndrome, or other somatoform disorders should also be included in the evaluation [17, 18] .
A thorough physical examination focusing on the genitalia is essential for a patient presenting with scrotal content pain. The patient should be examined while standing and supine, beginning on the normal/less painful side. A focused examination of the testicles, epididymides, and vas deferens is recommended, as well as a 360° digital rectal exam to evaluate abnormalities of the prostate and hypertonicity or tenderness of the pelvic floor structures. A neurological examination of the lower limbs should also be performed to rule out radicular pain syndromes and neurosensory deficits. Laboratory investigation studies should include a urinalysis and urine and semen culture to rule out infection when indicated. Should microscopic hematuria be identified on the urinalysis, a computed tomography scan of the abdomen and pelvis is indicated, as obstructing stones in the ureter (particularly the intramural portion of the ureter) can result in scrotal content pain.
The use of scrotal ultrasound in men with chronic orchialgia has been suggested to have a low yield with respect to identifying pathology, but we recommend that men presenting with CSCP should undergo a high-resolution scrotal ultrasound with color-flow Doppler to rule out other pathological processes such as a testicular tumor, varicocele, or infection [19, 20] . A magnetic resonance imaging scan of the spine and/or hips is also recommended when there is a history of back or hip pain to rule out nerve impingement. A spermatic cord block (SCB) should also be performed to determine if the pain is being generated from within the scrotum. We recommend that this block be performed by injecting 20 mL of 0.25% bupivacaine/ropivacaine without epinephrine into the spermatic cord at the level of the pubic tubercle [17] . If the pain signal is conducted via the spermatic cord nerves, the pain should be temporarily relived after performing the cord block. The differential diagnoses for CSPS include constipation; hydrocele; varicocele; epididymitis; tumor; intermittent testicular torsion; inguinal hernia; aortic or common iliac aneurysm; trauma; pelvic floor myalgia; groin, hip, spine, or pelvic floor referred pain; and psychogenic causes. CSCP is a diagnosis of exclusion, and the diagnosis should only be made after all these investigative studies have been performed. 
TREATMENT
The treatment of idiopathic CSCP remains a therapeutic dilemma, as there are no published data providing good evidence regarding reliable non-surgical interventions. Diagnostic and treatment recommendations are currently based on expert opinion derived from small cohort studies. However, pharmacotherapy should be considered as the first-line treatment, since it is the least invasive option. Pelvic floor physical therapy (PFPT), acupuncture, and a psychological evaluation may also be beneficial.
Antibiotics should be initiated if the patient shows any signs of orchitis or epididymitis. Trimethoprim/sulfamethoxazole or a quinolone antibiotic for 2∼4 weeks is preferred due to their lipophilic nature, which allows them to penetrate the testis and epididymis well. Antibiotics are not recommended to empirically treat men for an infection in the absence of any signs or symptoms.
Initial pharmacological therapy includes non-steroidal anti-inflammatory drugs (NSAIDs) over a period of 4 weeks [10] . We generally start with a daily oral dose of 200 mg of celecoxib or 600 mg of ibuprofen administered orally 3 times daily. Long-term treatment with narcotic agents is not recommended, as this does not address the underlying etiology and carries the risk of addiction. We occasionally offer a short course of narcotics for the temporary relief of CSCP. If NSAIDs do not work, we recommend using a tricyclic antidepressant (TCA). We recommend 10∼20 mg of amitriptyline nightly. Sinclair et al [21] found that 66.6% of patients with idiopathic testicular pain showed improved pain after 3 months of nortriptyline therapy in a trial of 6 patients.
TCAs work by inhibiting the reuptake of norepinephrine and serotonin in the brain. They also inhibit sodium channel blockers and L-type calcium channels, and this is thought to be responsible for their analgesic effect by modulating first-order neuron synapses with second-order neuron synapses in the dorsal horn of the spinal cord. Tertiary amines (amitriptyline and clomipramine) have been reported to be more effective for neuropathic pain than secondary amines (desipramine and nortriptyline) [22, 23] . However, tertiary amines are also associated with more sedation and postural hypotension [24] . A TCA may take 2∼3 weeks from initiation of therapy to be effective.
After a month of TCA therapy without success, we recommend adding an anticonvulsant. Anticonvulsants have also been shown to work for neuropathic pain. The 2 mainstays of anticonvulsants used for neuropathic pain are gabapentin and pregabalin, due to the paucity of side effects in the older-generation anticonvulsants. We recommend adding 75 mg of pregabalin orally 3 times a day. Sinclair et al [21] found that 61.5% of patients with idiopathic testicular pain showed improved pain after 3 months of gabapentin therapy in a trial of 13 patients. The limiting factors of that study include a small sample size and its retrospective nature. Unfortunately, due to the rarity of this disorder, this treatment is unlikely to be validated in a prospective randomized controlled study. However, gabapentin has been validated in multiple large, randomized, placebo-controlled trials to relieve pain in patients with diabetic polyneuropathy, post-herpetic neuralgia, and other types of neuralgia [25] [26] [27] . The proposed mechanism of gabapentin as an analgesic is that it modulates the α-2-d subunit of N-type calcium channels, which affects the afferent pain fibers. Pharmacological therapy is considered to have failed if pain persists after pregabalin has been administered for 4 weeks. It is crucial to taper patients off TCAs.
PFPT is also beneficial for patients with pelvic floor dysfunction, especially those who have muscle dysfunction or myofascial trigger points. In our practice, we routinely recommend specialized PFPT to patients with CSCP if they have pain on a 360° digital rectal exam, as chronic testicular pain can lead to chronic pelvic pain or vice versa. Farrell et al [28] showed that after a mean of 12 PFPT sessions, 50% of patients showed improved pain, and 13.3% of patients had complete resolution of the pain. Following PFPT, fewer subjects required pain medication than prior to PFPT (44.0% vs. 73.3%, p=0.03).
Other nonsurgical techniques include pulsed radiofrequency of the spermatic cord and the genital branch of the genitofemoral nerve for PVPS if the patient receives temporary relief from a SCB [29, 30] . This technique has only been reported in small non-randomized trials. We also offer our patients a series of SCBs with local anesthetic agents with or without steroids to disrupt the afferent pain pathway in order to relieve CSCP. SCB can be both diagnostic and therapeutic. However, studies have demonstrated that this technique rarely provides longterm relief, and often only lasts for the duration of the local anesthetic [17] . The block is performed by isolating the spermatic cord at the inguinal-scrotal junction. A 27-gauge needle is then introduced into the spermatic cord at the level of the pubic tubercle. We typically use 20 mL of 0.25% bupivacaine hydrochloride for the initial cord block. The patient is instructed to call the office in 24 hours to report the duration and level of relief, if any, from the block. Should he experience ＞90% temporary pain relief, we offer a series of cord blocks every 2 weeks for 4∼ 5 blocks using 9 mL of 0.75% bupivacaine hydrochloride combined with 1 mL (10 mg) of triamcinolone acetonide. If there is no alleviation of pain with a well-placed injection, we do not recommend repeating this treatment. In our experience, this technique is rarely successful for long-term pain relief, especially when the duration of chronic pain exceeds 6 months.
Patients in whom the above approach does not work should be considered for surgical intervention. Surgical interventions include epididymectomy, the excision of sperm granuloma, vasectomy reversal if the patient previously had a vasectomy, MDSC, and orchiectomy. The success rates of these procedures remain unclear because of the availability of only small case series of men undergoing surgical treatment for PVPS. 
Microdenervation of the spermatic cord
MDSC is a rather recent surgical option that has become more popular over the last 2 decades. A randomized controlled animal study showed a decrease in the median number of nerve fibers remaining around the vas deferens after MDSC compared to a sham treatment (MDSC, 3.5 nerves; sham, 15.5 nerves), showing that the majority of nerves were severed by MDSC [53] . The goal of the procedure involves transecting all the nerves in the spermatic cord while preserving all the arteries (testicular, cremasteric, and deferential) along with several lymphatic channels to reduce the likelihood of developing a hydrocele (Fig. 2) [54] .
The patient should be made aware that the pain may persist, and occasionally worsen, following this procedure [36] . This is likely due to accessory fibers from the pudendal nerve, incomplete cord denervation, central nervous system sensitization, or malingering. Other complications include the development of a hydrocele (＜1%) if the lymphatics of the testicles are injured and testicular atrophy (1%) if the arteries to the testicles are injured. Patients with bilateral scrotal content pain should undergo surgery on the more painful side first to avoid substantial prolonged scrotal edema and potential injury to both testicles, and also because the contralateral CSCP may resolve following MDSC.
Multiple studies have shown good success with MDSC for chronic testicular pain due to a variety of etiologies including idiopathic pain. A total of 152 out of 191 men (79.6%), based on all cases of MDSC in the English-language literature, experienced complete resolution of scrotal content pain. The most successful series was reported by Heidenreich et al [35] , in which 34 of 35 patients (97%) experienced the complete resolution of pain and 1 patient experienced the partial resolution of pain following MDSC. In 2008, Strom and Levine [36] analyzed 95 pa-tients who underwent MDSC, reporting durable relief in 71%. A further 17% of the patients reported partial relief, and 12% reported no change in pain, but no patients reported worsening pain. Marconi et al [38] published a recent series on MDSC for CSCP in which 50 patients were treated with MDSC. Forty patients (80.0%) were completely pain-free following the procedure and 4 patients (8.0%) did not experience any relief from surgery. The largest series to date was published by Calixte et al [13] , who employed a modified robotic MDSC technique, and they found that 84% of patients experienced a reduction in pain (complete resolution in 63% and ＞50% resolution in 22%) in their sample of 772 men with a 1-year follow-up.
Larsen et al [55] also reported our institution's results of MDSC, showing that patients who had not undergone a prior attempt at surgical correction for scrotal content pain had a mean post-MDSC visual analog pain scale (VAPS) score of 2 (range, 0∼10) with an average pain decrease of 79%. In contrast, patients in whom prior surgical procedures failed, including epididymectomy, varicocelectomy, and vasectomy reversal, who then underwent MDSC reported a mean postoperative VAPS score of 3 (range, 0∼ 10) with an average decrease in pain of 67%. There was a complete response in 64% of patients in the surgery-naïve group compared to 50% in patients whom prior surgical correction for pain had failed. In a separate study, we also found that a positive response to a SCB, defined as at least a 50% temporary reduction of pain, was an independent predictor of successful MDSC [56] .
Epididymectomy
Epididymectomy continues to remain a more popular approach than MDSC, especially in Europe. A survey among Swiss urologists in 2005 concluded that 74% of urologists would perform an epididymectomy, 7% would perform an inguinal orchiectomy, and 6% would perform MDSC for PVPS [5] . The reported success rates of epididymectomy range from 50% to 92%, and better results for relieving pain have been reported if a structural abnormality (cyst, granuloma, or mass) was noted in the epididymis on examination or ultrasonography [45, [57] [58] [59] . When diffuse pain in the cord, epididymis, and/or testicle is noted during physical examination, this should lead to MDSC being performed rather than epididymectomy.
Multiple small series have been published on epididymectomy for CSCP. Chung et al [60] published a multicenter, randomized, controlled, single-blind study in 2013, in which 21 patients underwent epididymectomy alone and 22 patients underwent epididymectomy with the concurrent administration of hyaluronic acid and carboxymethyl cellulose to inhibit adhesion and fibrosis in cases of PVPS. At postoperative week 24, 15.8% of patients in the epididymectomy-only group were pain-free, whereas 57.1% of the patients who underwent an epididymectomy with the concurrent administration of hyaluronic acid and carboxymethyl cellulose were pain-free. A total of 31.6% of the patients from the epididymectomyonly group exhibited partial pain relief, in contrast to 9.5% of the patients who underwent epididymectomy with the concurrent administration of hyaluronic acid and carboxymethyl cellulose.
Epididymectomy is rarely performed in our practice, as most patients present with more diffuse pain, rather than pain limited to the epididymis. The ideal patient for an epididymectomy for CSCP is one in whom the pain is isolated to only the epididymis, especially when there is a cyst or granuloma identified on physical examination or ultrasonography.
Vasectomy reversal
Vasectomies are the most effective male contraceptive method available. It is estimated that 500,000 vasectomies are performed in the United States per annum, representing 10.2 of 1,000 men 25 to 49 years old [61] . Vasovasostomy may be beneficial in patients who have CSCP due to PVPS. Vasectomy reversal appears to be an intuitive solution to PVPS. The goal of the procedure is to relieve the pressure from the obstruction, thereby decreasing pain levels. Only data from small single-center studies are available. However, these studies show that up to 100% of patients experience some improvement in pain scores, and the complete resolution of pain ranges from 50% to 69% [40] [41] [42] . The benefits of this approach are the potential resolution of pain and preservation of all intrascrotal structures. However, this contradicts the purpose of the vasectomy, and the procedure may be costly and may not be covered by health insurance. Reasons that this approach may not succeed include non-obstructive etiologies of scrotal pain, such as nerve entrapment.
Polackwich et al [62] studied 26 patients who underwent a vasovasostomy and 7 patients who underwent an epididymovasostomy for PVPS. A total of 34% of patients had complete resolution of pain, and 59% of patients reported improvements in pain scores. Lee et al [63] identified 32 patients who underwent a vasectomy reversal for PVPS and noted that the improvement in the mean preoperative and postoperative VAPS was 6.00±1.25 (range, 4∼8) in the patency group (sperm in the ejaculate) and 4.43±0.98 (range, 3∼6) in the non-patency group (p= 0.011). The authors concluded that there was a significant difference in pain reduction in patients who were patent following vasectomy reversal compared to those who remained obstructed. However, patients who remained obstructed had a decrease in VAPS, suggesting that the mechanism of action of PVPS may not be due to the obstructed vas deferens alone.
Horovitz et al [43] also published a series describing 14 patients who underwent vasectomy reversal for PVPS. Fifty percent of patients were rendered pain-free, and 93% showed improvements in pain. Myers et al [41] reviewed the records of 32 patients undergoing vasectomy reversal for PVPS and found that 24 patients experienced symptom relief after the initial procedure. Of the 8 men with recurrent or persistent pain, 6 underwent a second reversal, and 50% of those men subsequently experienced symptom relief.
Orchiectomy
Orchiectomy is considered to be the last resort in patients who do not respond to other means of therapy. There is little support for this procedure in the literature. Davis et al [1] reviewed 24 patients with chronic unilateral or bilateral orchialgia-not necessarily due to PVPS-who underwent inguinal orchiectomy. A total of 15 patients underwent inguinal orchiectomy, of whom 11 patients (73.3%) reported complete relief of pain, while 4 experienced partial relief. Of the 9 patients who underwent scrotal orchiectomy, 5 (55.6%) reported complete relief of pain, 3 (33.3%) had partial relief, and 1 (11.1%) reported no improvement [1] . Other studies have not shown the same success post-orchiectomy. Costabile et al [52] found that 80% of patients continued to have pain following orchiectomy for idiopathic chronic orchialgia. Based on these results, the authors recommended inguinal orchiectomy as the procedure of choice for the management of chronic testicular pain when other management is unsuccessful.
CONCLUSION
CSCP remains a challenge for clinicians, due to its poorly understood pathophysiology and variable response to current therapeutic options. Large, multicenter, well-constructed trials are essential in hopes of establishing level 1 evidence to facilitate a standardized algorithm to approach this problem more effectively. Increasing evidence indicates that psychological factors play an important role in genital pain when there is no identifiable organic cause, with the most consistent features being somatization disorder, major depression, anxiety, and sexual dysfunction. A multidisciplinary approach including pain clinics, psychologists/psychiatrists, and pelvic floor physical therapists, along with the urologist, is warranted before considering surgery. When nonsurgical treatments fail, MDSC remains a valuable approach, with high success rates and low complication rates, and should be considered for cases of CSCP that are refractory to medical therapy. MDSC appears to have the most success for patients who experience temporary relief from an SCB, and can significantly improve patients' quality of life and ability to return to daily activities.
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